ABSTRACT PURPOSE: To evaluate, in large abdominal wall defects surgically shaped in rats, if a synthetic polypropylene nonwoven prosthesis could be used as a therapeutic option to conventional polypropylene mesh. METHODS: Twenty four (24) Wistar rats were enrolled into three groups. Group 1 (Simulation group) with an abdominal wall defect of 3 X 3 left untreated and Groups 2 and 3, respectively treated with a conventional polypropylene mesh and a polypropylene nonwoven (NWV) prosthesis to cover the breach. At the 45th postoperatively day, adhesion (area and strength) and vascularization of Groups 2 and 3 were evaluated. The histological preparations with Hematoxylin-Eosin, Tricromium of Masson, Pricrosirius red and polarization with birefringence, and also the structural analysis of the prostheses carried on by Thermogravimetry and Differential Scanning Calorimetry were also assessed. RESULTS: There were no significant differences between the Groups 2 and 3. CONCLUSION: In rats, the polypropylene nonwoven prosthesis showed to be safe and has to be considered as an alternative to conventional mesh manufactured by weaving in the treatment of great defects of the abdominal wall. Key words: Hernia, Abdominal. Surgical Mesh. Polypropylenes. Tissue, Adhesions. Rats.
. The need to fix major wall defects with prostheses creates a common problem in developing countries and most third world nations. In these countries, and especially in rural areas of such countries where health care infrastructure is not integrated into major population centers, health care systems have budget constraints for the purchase and distribution of imported material. Nevertheless, this problem is not restricted to less privileged population. In Brazil, for instance, the insurance plans and health care systems in general do not allow for reimbursement of prostheses and, therefore, patients must acquire it with their own resources. Thus, whether in public or private health care, patients who cannot afford prostheses purchase usually have their surgeries postponed, with a higher risk of complications and an associated increase of hospital expenses.
The polypropylene used in this study, known as nonwoven, or tecido não tecido (Portuguese), tejido notejido (Spanish), tessuto nontessudo (Italian), tissé nontissé (French), vliesstoffe (German), represents a cheaper alternative with a price level around one dollar and a half (USD), for a size of 60 x 60 cm. The structure of the polypropylene is flat, flexible, continuous, autoclavable, without pores or weft filamentary and with the innovation in the union of the filaments by thermal polymerization process, without weaving. This material has been produced for decades on an industrial scale, and has multiple applications, such as the production of: sheet, soap packaging, inner packaging of shoes (20g/m²) aprons for patients, hats, masks, shoes, protective head seats for airplanes, pillow cases, operative field (30g/m²), pants, mask type duck-billed filters (40g/m²), amongst other applications with greater weight.
This study therefore aimed to evaluate, in large abdominal wall defects in rats, the viability of placement of a synthetic polypropylene nonwoven prosthesis which has a low cost and is easily affordable as an alternative to conventional polypropylene mesh that is widely used as first choice but much more expensive, especially for public health care. The anesthetic protocol consisted of ketamine (90mg/ kg), xylazine (10mg/kg), both intraperitoneal associated with atropine (0.05mg/kg) intramuscularly, without fasting.
Methods
The animals were randomly divided into three groups of eight rats each. Group 1 was the Simulation group and went without prosthesis. In Group 1, after a midline abdominal incision 5 cm long, starting 2 cm from the xiphoid process, compromising the skin and subcutaneous tissue, a traumatic defect of the anterior musculoaponeurotic wall and the peritoneum was introduced, covering an area with 3 x 3 cm. The surgical intervention was finished with the synthesis of the skin over the parietal failure with a monofilament nylon 2.0 suture with separate stitches in "x" shape. In Group 2, a synthetic industrial and conventional woven mesh of polypropylene monofilament, macro-heavy, (originally 15 centimeters long by 15 centimeters wide) was used. A traumatic defect in the anterior wall of the abdomen was introduced, similar to Group 1, and a 3 x 3 cm prosthesis was attached to the abdominal wall by a running suture with monofilament polypropylene 3.0, making sure to cover around the entire abdominal defect. Skin synthesis completed the surgical procedure at the same manner described for group 1. In Group 3, a synthetic polypropylene nonwoven prothesis (NWV), weighting 40g/m 2 , with white color was implanted. The material was first cut in the standard size (3 x 3 cm), packed in paper Kraft ® and then sterilized by autoclaving at a temperature of 134°C for 12 minutes at one atmosphere (ATM).
The same surgical abdominal close procedure seen at Group 2 was followed.
Postoperative analgesia with dipyrone (50mg/kg/day), (Table 2) , and characteristics of the granuloma with a grade score from 0 to 3 (absent, exsudative, with predominance of macrophages and epithelioid cells and fibrotic) 6 . The polymers of the two prostheses were compared using the tests of Thermogravimetry (TG) and Differential Scanning Calorimetry (DSC), respectively, using TGA-DSC Q 500 and Q-1000 (dp UNION, BRA). Furthermore, a Transform Infrared Fourier, with the device Varian 3100 FT-IR Excalibur Series was used. These tests were performed in the laboratory at LAPIN-IN, Institute of Macromolecules, COPPE -UFRJ.
The scores were analyzed by the Mann-Whitney and the results considered significant for p<0.05.
Results
In the first 24 hours surgical wounds were intact in all groups but there was one death in Group 1(Simulation). Seven animals of Group 1 developed ventral hernia after the surgical procedure over the abdominal wall ( Figure 1 ) however, at 48 hours of postoperative period, there was one wound dehiscence.
At 72 hours three other dehiscences were noted, one in Group 3 (nonwoven prosthesis) and two in Group 2 (conventional mesh of polypropylene) with infection associated in one of them. These five rats were excluded from the study. No hematoma, seroma, intracavitary abscess, volvulus, ischemia or necrosis was observed. In Group 1 (Simulation), with respect to the total area of adhesion, all rats had the median score of 1. Table 3 shows the measurement of the areas of adhesion between intraabdominal structures and the peritoneal surface of the abdominal wall ( Figure 2 ). Significant differences were observed when both group 2 and 3 data were compared with group 1 and with each other (p<0.05). Scores obtained for each animal seen in Table 3 were summarized in Figure 3 . At thermogravimetry the polymer of Group 2 showed a beginning of decomposition at 439ºC and peaked at 457ºC with residual difference of 0.05% ( Figure 7 ). The Group 3 polymer (before autoclaving) procedure revealed the start of decomposition at 435ºC and reached a maximum value at 456ºC, with residual difference of 2%. After autoclaving (Group 3), the results were respectively at 339ºC for the beginning of the decomposition with a peak at 390ºC and a decrease of residual decomposition to 1.5%
( Figure 8 ). Figure   9 ). The third group polymer presented in the first heating curve one shoulder and two coalescent peaks. The third group freezing curve was started at 119ºC with a peak at 115ºC and heating of crystallization at 101.1J/g. The second heating showed one peak and one shoulder (conversion of the second peak) with a major peak at 157ºC with fusion heat at 92.66 J/g ( Figure 10 ). 
Discussion
Treatment of abdominal wall hernias is the most common surgical procedure performed. The physiopathological mechanism consists of weakness of the aponeurosis which creates a local muscular dystrophy or dysmorphisms. Surgical approach is the main cause of large hernias but there exist several others predisposing factors 7 . Congenital anomalies such as gastroschisis and onphalocele are two other relevant wall defects.
Dubay et al. 8 mentioned more than 400.000 cases of incisional hernia diagnosed per year in the United States. These hernias are more common in the first two years after surgery with an incidence of 11 to 20% and risk of incarceration of 25% and strangulation of 8% to 10% 9 . When diagnosed, surgical correction with closure of the parietal defect by reducing the hernial content is recommended, but the reoccurrence of these defects is noted in up to 40% of cases. The repair of large abdominal ventral hernia is still a challenge and in most cases, effective treatment demands a preoperative preparation and the use of prostheses.
Whereas there are many synthetic materials available to fix parietal hernias, there exist few attractive options, especially in the public hospitals. The authors of this experimental research studied a kind of prosthesis similar to a synthetic mesh, cheaper and easily available in the market and even in hospital stock room, that could both be used safely and offer a viable alternative to the treatment of large abdominal wall defects.
The rat was selected as experimental model because it has muscular and aponeurotic parietal layers very similar to human beings. Furthermore, because the animal species used are quadrupeds, their movement increases the pressure placed on prosthesis or mesh in a way much more active than in anima nobile.
The anesthetic protocol applied consisted of the use of ketamine, xylazine and atropine, similar to other experiments. The anesthetic protocol applied provided good analgesia and adequate time to perform the procedure 3, 5, 10, 11 . Euthanasia was induced with a sodium thiopental by intraperitoneal, similar to the method used by Cobb et al.
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.
Chatzimavroudis et al. Ansaloni et al. 13 reported that the infection accelerates the degradation of certain prostheses which could lead to failure of the treatment. Abscesses, enteric fistulas, and eventually elimination of the material with formation of incisional hernias discourage the use of certain meshes in the presence of infection 14 .
Even taking into consideration that the absence of pores in the fabric of NWV prosthesis made of monofilament fibers (unlike multi-filament or pored materials), is less likely to harbor bacteria, no significant differences between the three groups was noticed regarding infected wound dehiscence.
Considering that some parameters evaluated (adhesion and vascularization) may suffer from interpretation bias in the presence of parietal dehiscence or infection with prosthesis exposure or not, all animals with such findings were taken aside from the research.
The conventional polypropylene mesh (Marlex   ®   ) placed in Group 2, is the most widely prosthesis used for correction of abdominal wall defects. This material has excellent biocompatibility, mechanical stability and elasticity, low tendency to degradation, good integration to the surrounding tissue with the formation of a strong scar tissue and a low susceptibility to infections 15, 16 . The NWV prosthesis is composed of the same polymer of Marlex ® mesh but it is not manufactured by a weaving process. Instead, the fibers are joined by heat, which produces a nonwoven fabric. The prosthesis is smooth, has white color, does not fade, has a similar thickness of a sheet of paper and is highly flexible and resilient. It has been used increasingly, with various weights and with amazing applicability. The choice of NWV prosthesis with a weight of 40g/m² was done to demonstrate the application of using a material that was easy to access and handle, extremely flexible and cost effective. This material is the same used in hospital masks and surgical aprons. It is suitable to be shaped in different sizes without difficulty and may be cut with common scissors. Cobb et al. 12 and O`Dwyers et al. 17 stated the advantages of such lightweight fabrics which are well adapted to the host site with minimal traction and less restriction of abdominal movements. They also reduce pain in the postoperative evaluation.
The effectiveness, however, is still controversial because of an observed rate of hernia recurrence similar to conventional mesh 18 .
The polypropylene is not indicated to be in contact with the peritoneum considering the formation of firm adhesions 5, 11 .
It is noteworthy that development of adhesions is inevitable and independent of the material used 14 . This is due to foreign body reaction but may be exacerbated by the access route, the method for setting the mesh, the visceral or parietal peritoneum Other studies show that inflammatory response following implantation of light prostheses are significantly smaller than in conventional or heavy meshes, except when the prostheses are lightweight and nonwoven. In such cases, the inflammation is more intense than in the application heavy prostheses 10, 18, 19 . There exists a lack of studies comparing heavy with light prostheses structures, woven with nonwoven and macro with micropores. Weyhe et al. 10 and Dubova et al. 19 studied the inflammatory response of rats subjected to abdominal wall reconstruction with polypropylene mesh at different intervals of postoperative days. One group received a woven polypropylene heavy mesh with macropores, and the other received a nonwoven fabric, light, with micropores.
Although Dubova et al. 19 agree with Weyhe et al. 10 about the more severe inflammatory reaction which occured in the group of nonwoven fabrics, but they disagree with regard to fibrosis.
Dubova et al.
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, at the end of the experiment (28 days), reported a less intense fibrosis in nonwoven fabric and attribute this to the fact that the fabric does not have a net, allowing a tissue growth upon a uniform surface. Weyhe et al. 10 found that the differences between the two groups began to decline over time, but until 21 days after surgery they were not statistically significant. However, after 21 days, the concentration of inflammatory cells began to decline in both groups. At 90 days after surgery a decrease in the group of heavy mesh was observed as more significant than in the light ones. In our results the inflammatory reaction in both Groups 2 and 3 was similar (p=0.10). Fibrous tissue covered both kinds of prostheses after 45 days but such scarring process was a little bit intense in Group 3 than Group 2 in comparison with Group 1 of animals. This may be related to the greater collagen proliferation but no statistical differences was found between Groups 2 and 3 (p=0.23).
We emphasize that interpretation of the results has to be considered with caution because of the small sample size.
Klinge et al. 3 and Cobb et al. 12 argue that the higher the weight of the prosthesis, the greater the amount of synthetic material and, therefore, the greater likelihood of the presence of inflammatory foreign body. The formation of giant cells and proliferation of connective tissue between the pores are common finding in the microscopic implants of polypropylene 1, 3, 11 , but no differences were observed between groups 2 and 3, respectively, with heavy or light screen.
Thermogravimetry is one of the tools used to determine whether sterilization in the autoclave would alter the physical properties of polypropylene or melt the synthetic material. This is roughly a hundred times the amount spent on acquisition of the prosthesis used in Group 3 of our study. NWV prosthesis is a material of everyday use in hospitals, found in a series of disposable items and, as already mentioned, autoclaving NWV prosthesis does not alter its composition or structure.
Further studies in anima nobile must be done before its surgical indication but this experimental research endorses its alternative use, especially in remote locations where there are no facilities or resources available to purchase or import conventional woven meshes, such as public hospitals. This is an unprecedented proposal to using a substitute material for conventional meshes in surgical repairs of ventral incisional hernias.
Conclusion
The polypropylene type of nonwoven prosthesis showed a satisfactory cost-effectiveness in the treatment of large abdominal wall defects in rats.
